





















ATLAS m onitored drifttubecham bersforsuper-LHC
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A bstract
Afterthehigh-lum inosity upgradeoftheLargeHadron Collider(LHC)atCERN,theATLAS m uon spectrom eteris
expected to work at10tim esincreased background ratesofgam m asand neutrons.Thisischallengingasthem om entum
resolution ofthespectrom eterisexpected to be10% .Thisrequiresa singletuberesolution ofthem uon drifttubesof80
m .Atbackground ratesaround 1000 Hz/cm 2 spacechargee ectswilllead in theslow and non-linearAR:CO2 = 93:7
gasm ixture to a degradation ofthe drift-tube spatialresolution. Thiswasstudied before experim entally for gam m as
and low energeticneutrons.Alm ostno inform ation existsforfastneutrons.
AsLHC did notyetreach thefullproton energy of7 TeV,therealbackground rateatLHC standard lum inosity isstill
unknown.Therefore,we organized ourstudiesunderthe following aspects:
- W e investigated the in uence of11 M eV neutrons on the position resolution ofATLAS M DT cham bers. At  ux
densitiesbetween 4 and 16 kHz/cm 2,alm ostno in uence on the position resolution wasfound,itdegradesby only 10
m ata detection e ciency ofonly 410  4.
-W e investigated inertgasm ixtureson fastnessand linearity oftheirposition-drifttim e (r-t)relation. Ata reduction
ofthe m axim um drifttim e by a factorof2,the use ofthe presenthardwareand electronicsm ightbe possible.Forour
experim entalstudieswe used ourM unich cosm ic ray facility. Itisequipped with 3 ATLAS BO S (BarrelO uterSm all)
M DT cham bersand allowsfastm easurem entofdatasetswith m any m illion cosm icm uon tracks.Twogasm ixturesshow
alm ostidenticalposition resolution asthe standard gas.The resultsarein good agreem entwith G ar eld sim ulations.
-Forspectrom eterregionsofhighestbackground rateswe contributed to the investigation ofnewly developed 15 m m
drift tubes. Position resolutions have been m easured as a function ofgam m a background rates between 0 and 1400
Hz/cm 2.
-G ar eld sim ulationshave been perform ed to sim ulate space charge e ectsdue to gam m a irradiation. Resultswillbe
presented forthe standard geom etry aswellasforthe new 15 m m drifttubes.
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1. Introduction
O ur gas- and detector-studies of ATLAS M onitored
Drift Tube (M DT) m uon detectors are m otivated by the
requirem ents for the ATLAS m uon spectrom eter at fu-
ture increased lum inosities ofthe Large Hadron Collider
(LHC)atCERN.Lum inosity upgradesareplanned in sev-
eralstepsup to a  nalincreasein lum inosity ofaboutan
orderofm agnitudeatSuper-LHC.AttheLHC design lu-
m inosity 1034 cm   2 s  1,background ratesofgam m asand
neutronsofup to 10 cm   2 s  1 arepredicted forthebarrel
partofthespectrom eterand ratesup to 100 cm   2 s  1 for
the forward region ofthe endcap spectrom eter.
The ATLAS m uon spectrom eterwillprovide m om en-
tum resolution of10 % at1 TeV/c transverse m uon m o-
m entum at3-6 Tm bending powergenerated by a super-
conducting air coiltoroid. It consists of3 layers ofpre-
cision drifttube cham bers. An ATLAS M DT cham ber[1]
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consistsof2 m ultilayerswith 3 or4 layersof30 m m drift
tubes each,which are  lled with an Argon and CO2 gas
m ixture(93:7)atan absolutepressureof3 bar.Thevolt-
ageatthegold plated W -Reanodewire(diam eter50 m )
is3080V.Theseconditionscorrespondtoam axim um elec-
tron drifttim e of700 nsand a gasgain of2 104.
Forsu ciently good sagittareconstruction,singletube
resolutions of around 80 m are envisaged. But at in-
creased background ratesof1000 H z
cm 2
orhigher,thesingle
tuberesolution deterioratesm ostly dueto spacechargeef-
fectsin the slow and nonlineardriftgasm ixture. Attoo
high occupanciesunam bigoustrackreconstruction willbe-
com edi cultorim possible[2,3,4,5].
Thispapershowsresolution m easurem entsoffastand
lineardriftgases,thesensitivity ofM DT cham berson fast
neutrons,thein uence offastneutron background on the
resolution,and thecom parisonofspacechargee ectsin 15
m m and 30 m m diam eterdrifttubesunder -irradiation.
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2. A lternative drift gas m ixtures
Thereduction ofCO 2 from 7 to 3 % reducesthem ax-
im um drift tim e by about 200 ns and the addition of
sm allpercentagesofN 2 m akes the drift gas m ore linear.
Two inert gas m ixtures (Ar-CO 2-N 2 96:3:1/97:2:1)with
linearposition-drifttim e relations(rt-relations)and m ax-
im um drifttim esaround 450 nsare prom ising candidates.
These m ixtures were tested on their single tube resolu-
tions.
Atstandard voltageand pressureconditions,them easure-
m entswereperform ed atthecosm icray facility in G arch-
ing (Fig.1).
A setofthree M DT cham bersissandwiched by layersof
scintillation counters to trigger on cosm ic m uons. Using
a 40 cm thick iron absorber,we selected m uons with an
energy higherthan 600 M eV.











Figure 1:Cosm ic ray facility in G arching (M unich)
into a driftradiusrm eas with the help ofthe rt-relation.
The reference cham bersprovidea highly precisetrack re-
construction and therefore we geta precise prediction for
the driftradius rtrack in the tubes of the test cham ber.
The di erencebetween these two valuesde nesthe resid-
ualres:
res= rtrack  r m eas: (1)
Thewidth  ofG aussiansdescribingtheshapeoftheresid-
ualdistribution ofsm alldriftradiiintervalsde nethesin-
gle tube resolution. Fig.2 shows alm ostidenticalresolu-
tion for the tested m ixtures including the standard gas.
The m ostprom ising candidate isAr-CO 2-N 2 in the ratio
96:3:1% .Q uenching,afterpulsing and stream errateofthe
alternativegasm ixturesareongoing.
3. M D T perform ance under fast n background
To study the dependence of the single tube resolu-
tion on fast neutron background,we used the test setup
shown in Fig.3, at the 14 M V tandem of the M unich
M aier-LeibnitzLaboratory (M LL).Alm ostm onoenergetic
11 M eV neutronswere produced bom barding a hydrogen
r [mm]





















Figure 2: Single tube resolution ofthe standard gas (triangles) and
two gas m ixtures (stars and circles)containing 1 % N 2
gas target with 60 M eV 11B ions. The sm alltest cham -
ber (3 layers,3 tubes per layer),surrounded by SI-strip
detectorsforreferencetracksand scintillation countersfor
cosm ictrigger,wasoperated understandard gasand elec-
tronicsconditions. The Si-strip detectorshave a position
resolution ofbetterthan 20 m .



























Figure 3:Setup to study a sm allM D T cham berunderneutron irra-
diation.
and withoutbackground neutrons.Theresultforthe rst
m ethod,com paring the m easured radiifortubes3,9,11,
19, 21 (see Fig.4) with the tracks through the SI-strip
detectors,isshown in the lowerpartofFig.4.The upper
partofFig.4showstheresultforthecom parison ofatrack
 tted to a triplet oftubes with the individualdrift radii
pertube.
Thedegradation ofthesingletuberesolution under11
M eV neutron  ux densitiesof4-16kH z
cm 2
isabout10 m .
Usingtriplesum s,in m ostcasesasm allradiuscontributes
to thecalculation,worsening theresolution asobserved in
Fig.2.
To determ ine the overallneutron e ciency,which quan-
ti esthesensitivity oftheM DT cham berto neutrons,the
M DT cham berreadoutwasrandom ly triggered.Dividing
thenum berofcountspersecond in a tubeby theneutron
2
Figure 4: Single tube resolution with ( lled m arkers) and without
(open m arkers) 11 M eV neutron background. The triangles show
the resultsforthe triple sum m ethod and the circlesforthe m ethod
using SI-reference detectors.




indicated in Fig.5,wheretwo sim ulations[7]areshown as
well.
Figure 5:D i erentsim ulationsofneutron e ciency[7].O urresultis
the data pointat11 M eV and 410  4.
4. Sim ulations ofdrift tubes under  -background
 -background eventsaswellareionizing thecounting
gas. The produced prim ary electrons drift towards the
anodewireand closeto thewiredue to the gasavalanche
m ostoftheelectron-ion pairsareproduced.Theions(the
ring in Fig.6,leftplot)driftin a tim escaleof4 m sto the
tubewall.Thesespacechargescontributetothetotaldrift
 eld.Forbigradiithe eld isenhanced and onegetsfaster
drifttim es,whereasthe eld reduction atsm allradiilead
to lessgasgain.Both e ectsaccountforthe degradation
ofthe tube resolution.
Fig.6(rightplot)showstherelativechangeoftheelec-
tric eld due to spacecharges.Using tubeswith a diam e-
terof15 m m willreducethesensitivity on  -background
considerably.
U = 3080 V






Figure6:Left:D rifttube with space charge;R ight:R elative change
ofthe electric  eld due to space charge e ects.
G ar eld sim ulations[6]ofthetuberesolution including
the  eld change and gain drop con rm m easured results
ofthe dependence ofthe resolution on the  -background
count rate for 30m m drift tubes (see Fig.7). The sim -
rate [Hz/cm^2]


















Garfield 15 mm tubes
Garfield 30 mm tubes
X5 30 mm tubes, 2004
single tube resolutions versus rates
Figure7:Com parison ofsim ulated (circlesand stars)and a  t(line)
to m easured resolutions of30 m m tubes.
ulation predicts that at counting rates of1400 H z
cm 2
the
resolution forsm alltubesisonly m inorily deteriorated.
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